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I. INTRODUCTIOÑ~~~L
THOUGH the general theory of relativity has been the subject of considerable investigation and application since its conception, it has been treated to a large extent in a manner apart from the other field theories of physics. The reasons for this lie in two fundamental characteristics of the Einstein theory, namely, the identification of the field variables of the theory with the metric structure of physical space-time on the one hand, and the thoroughly nonlinear nature of the field equations on the other. Further, the historical applications of the theory have tended to stress the static solutions rather than the field as a dynamical entity.
Modern techniques for the treatment of classical or quantum fields have dealt with them as systems of in6nitely many degrees of freedom to be investigated by Lagrangian or Hamiltonian formalisms. For the simpler Lorentz-covariant field theories where either no constraint variables exist or alternatively the constraint variables may be eliminated by algebraic manipulation, the canonical treatment follows simply that of ordinary particle mechanics. In the case of fields such as the electromagnetic one where the existence of a gauge group implies that constraints exist, which cannot be so eliminated, the analysis becomes more complicated. For these cases, the problem resides in obtaining an explicit determination of the true dynamical field variables from among the total number required for relativistic invariance. starting from an arbitrary "gauge" frame the procedure involves making a "gauge" transformation to that particular frame in which all variables are canonical. In electrodynamics this corresponds to making a transformation to the radiation gauge, which owes its signi6cance to the fact that the Maxwell equations take on pure Hamiltonian form. While the dynamical variables will have been arrived at by going to a special gauge, it should be emphasized that these variables are gauge scalars. In the gravitational case, the corresponding operation is a coordinate transformation to a particular frame. These points will be elucidated explicitly in the following work.
In Sec. 2 the action principle formulation for general relativity in the Palatini scheme will be discussed. Section 3 will be concerned with the linearized gravitational theory; the analogies to electromagnetism will be examined. Section 4 will give a preliminary discussion of the full gravitational theory as well as of speci6c differences that may be expected between the classical and quantum theory of this 6eld. The detailed treatment of the Einstein theory will be given in a subsequent paper in collaboration with C. W. Misner.
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-(2.6) The Palatini Lagrange density in general relativity is given by J-(x)= -S"" &"=A"" LI' ",--s( .-. + -6". [(r&."r-", ) - (rs", r-"") 
In Eq. (2.3), X is a column symbol whose components, X"are the field variables (in the erst-order representation), J3& are a set of four numerical matrices (unique for every field) and H(X, ) is a scalar density function of the field variables X, (but not of their derivatives).
Variation of the transformation function on the left hand side of Eq. (2.1) consistent with the dynamics gives rise in general to two types of terms: first a change of the complete set f u) on the surface and second variations of the surface corresponding to the space-time displacement of the system. Thus 2 4) where G(a) is the generator of the two types of variation.
These are represented in the Hilbert space by in6ni-tesimal unitary transformations. In general, then, (2 5) where G~(a-) J. Schwinger, Proc. Natl. Acad. Sri. U. S. 44, 223, 617 (1958) . I'",p=h" ( -hpk, ;+I";k)+8"~shop. .. (3.16d) where h&"=g&"-q&" is the first-order deviation of the contravariant metric tensor from its Qat-space value. The action principle furnishes us with a stress-energy tensor and therefore with an energy-momentum vector. . These will depend only upon the dynamical variables.
In this sense the classical radiation problem becomes well-defined as in electromagnetic theory.
The nonlinear nature of general relativity produces e6ects in the quantum theory that are different from those found in other fields. Equation (2.11) gives the quantum relation between the affinity and the metric. The anticommutator appearing in this equation will change the usual relation between affinity and ChristoGel symbol due to quantum effects. Thus the quantum theory will produce Quctuations outside of the classical Riemannian space. Similar ordering questions will arise in defining the canonical commutation relations. Thus one does not expect that correspondence methods of quantization would in general produce valid results.
The applications of the quantum relativity theory would be expected to lie in the domain of elementary particle theory. In particular, it is to be expected from previous considerations' that the divergence difficulty of Lorentz-covariant theories will be ameliorated. Once the dynamical variables have been isolated, it should be possible to set up a functional integral expression' of the theory involving only these variables to investigate such questions further. (1954) .
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